Background. Among elderly persons, falls account for 87% of all fractures and are contributing factors in many nursing home admissions. This study evaluated the effect of an easily implemented, low-intensity exercise program on the incidence of falls and the time to first fall among a clinically defined population of elderly men and women.
F
ALLS are the leading cause of nonfatal injuries in the United States and the second leading cause of all unintentional injury deaths, with 5.1 deaths per 100,000 persons annually (1) (2) (3) (4) (5) . Among elderly men and women, falls account for 87% of all fractures and are contributing factors in 40% of nursing home admissions (6) .
The decline of muscle strength in elderly persons appears to be an important factor underlying poor balance as well as potential and actual falling (7, 8) . Similarly, an association has been found between tripping and the decline in gait velocity and step size (9) , both of which may be related to muscle strength deficit in the lower extremities.
Although exercise programs can improve muscle strength, gait, and balance among elderly persons (9) (10) (11) , the evidence that exercise decreases the number of falls is mixed (12) . Exercise-related programs to reduce falls for general samples of community-residing elderly men and women have had the least success. In contrast, programs focusing on specific groups of at-risk elderly persons, such as older women (age 80þyears) (13, 14) or elderly persons with gait or balance deficits (15) , have been more effective, perhaps because these persons may benefit more from gains in strength than do persons who have higher levels of physical functioning (PF) (16) .
Clinical events, such as hospitalizations and bed rest, lead to deconditioning and a higher risk for falls and injuries (17, 18) . The Study to Assess Falls Among Elderly-Geriatric Rehabilitation Intensive Program (SAFE-GRIP) was a randomized trial comparing community-based, short-term, lowintensity exercise intervention with ''usual care.'' The study's goal was to determine whether the SAFE-GRIP exercise program improved functionality among elderly persons who were deconditioned as a result of bed rest associated with a hospitalization or illness and reduced the likelihood of falls. We previously reported data showing that, among persons who completed the preintervention and postintervention assessments, the SAFE-GRIP program significantly increased participants' strength, gait, balance, and mobility, with the improvements maintained through the 6-month follow-up assessment. In contrast, participants in the control condition showed little or no improvement during the 2 months between the preintervention and postintervention assessments, followed by gradual improvement between the post-assessment and 6-month follow-up examinations (10) . These analyses evaluate the effect of the SAFE-GRIP program on the time to first fall among our clinically defined population of elderly men and women.
METHODS

Participant Recruitment
Study participants were men and women aged 60 years or older. They had either a hospital admission lasting 2 days or longer or had been on bed rest for 2 days or more within the past month. Participants were classified as having been on bed rest for 2 or more days if they reported having more bed rest than normal for 2 or more consecutive days as a result of any illness.
Potential participants were identified by study staff from inpatient records at the Miami VA Medical Center or were identified by the registered nurse or physical therapist at their assisted living facility or outpatient physical therapy clinic. Potential participants were excluded if they had medical conditions that made it unsafe for them to participate in the exercise program (e.g., resting angina, severe osteoporosis) or interfered with their ability to follow instructions (e.g., dementia), required use of oxygen therapy at home, had planned future inpatient evaluations or treatments within the next 2 months, or required human assistance, a wheelchair, or artificial limbs to ambulate (use of a cane or walker was acceptable) (10) .
Study participants were recruited from the Miami Department of Veterans Affairs Medical Center (VAMC), 9 assisted-living facilities in Broward and Dade Counties, Florida, and a private physical therapy clinic in Broward County. Each potential participant was screened initially by a registered nurse. This screening included a history of falls during the past 12 months, the Folstein Mini-Mental State Examination (19) , and a list of current medications. Potential participants who scored less than 23 on the MiniMental State Examination were excluded. After passing the initial screening and completing informed consent procedures (which were approved by the Miami VAMC Human Subjects Subcommittee), potential participants were screened by physicians to confirm that they could safely participate in the exercise program.
A total of 433 persons were identified and screened (97 from Miami VAMC and 336 from the other sites). Of the 433 persons screened, 101 were posthospitalization, 316 were post-bed rest, 4 were neither, and 12 were unsure. Two hundred ninety-four passed both the initial and the physician screenings and were randomized into the study. Virtually all participants who were posthospitalization were excluded because of one of the criteria in Table 1 (all but 1 of the randomized participants were post-bed rest). Table 1 lists the reasons for exclusion.
Randomization to the study arm (intervention versus control) was stratified by sex, age (,75 years versus 75 years), and falls history during the past 12 months (fell or did not fall). This strategy was used to ensure that assignment to the treatment group was balanced with respect to factors that might correlate with study outcomes.
Assessments
The assessment protocol for this study has been reported previously (10) . All participants completed their baseline assessment within 1 month of their index episode of hospitalization or bed rest. Assessments of gait and balance were obtained using Tinetti's gait and balance assessment measures (20) and were performed by registered physical therapists at the participants' assisted living facility or at a physical therapy rehabilitation clinic. Participants completed the SF-36, a widely used measure of self-reported functional status (21) , and reported the number of medications they were taking at their baseline assessment. Participant age, sex, and history of falls were obtained at recruitment.
Falls were tracked for 1 year after the baseline assessment. Participants were given predated postcard diaries to be completed and returned by mail every 2 weeks. These diaries were used to collect information about all falls occurring during each 2-week period.
Physical Restoration Intervention
Participants were organized into groups of approximately 5 persons. Each group was scheduled to attend exercise sessions 3 times a week for 8 weeks (24 total sessions). Each session lasted 45 minutes and consisted of 30 minutes of exercises, with sufficient rest periods within the session and a cool-down period. Exercises were performed in the sitting and standing postures (10) . All sessions were supervised by a physical therapist assisted by a physical therapy assistant. No special equipment was required.
The physical restoration intervention was designed to directly affect neuromuscular functioning (i.e., muscle strength, joint flexibility), balance, and gait. Standard physical therapy exercises were selected to target these areas (22) (Figure 1 ). The programs were individualized by allowing each participant to adjust the intensity of exercises according to his or her perception and progression. No cardiac monitoring was required during exercise. No participant reported cardiovascular distress during the exercises that required cardiac or pulse monitoring. All participants tolerated the activity levels and workloads. Control participants were instructed to continue their usual activities during the study.
Statistical Methods
Contingency table analyses and analyses of variance were used to assess differences between our intervention and control groups on demographic measures and measures of baseline functioning. We used Cox proportional hazards models to assess the effect of the intervention on time to first fall. Persons who had not fallen were censored at the end of the 1-year follow-up period or at the time of last follow-up postcard for those who did not complete the entire follow-up period. Self-rated PF, using the SF-36 physical function subscale, was included in the models to determine specifically whether the effects of exercise in preventing falls varied between persons who had high rather than low PF. Analyses controlled for age, sex, falling history during the previous 12 months, baseline measures of gait and balance, and the number of medications reported at baseline. All analyses were conducted as ''intention-totreat'' analyses.
RESULTS
Participant Characteristics
Of the 294 randomized participants, 245 were assessed at baseline. The 49 participants lost to attrition between consent and enrollment and the baseline assessment changed their minds regarding participation for a variety of reasons, including family members who reported having concerns about potential ''hidden'' costs to participation and participants being unwilling to begin once they contemplated the time commitment, leaving the South Florida area to be cared for by relatives, and feeling ''too sick'' to start or, alternatively, ''feeling better'' and deciding not to begin the program. An additional 16 participants (8 exercise and 8 control) were omitted from these analyses because they were missing one or more of the measures.
Two hundred twenty-nine participants had complete data (77.9% of the randomized sample and 93.5% of the participants having a baseline assessment). Among these persons, there were no differences between the exercise and control groups in terms of their average age, the percentage of men and women, the percentage of participants with falls in the previous year, their average gait, balance, PF subscale scores, or the average number of medications they were taking (Table 2) .
Before analysis, participants were classified as having ''high'' baseline PF (PF subscale score 55) versus ''low'' PF (PF , 55) (23) . The mean (6 standard deviation [SD]) PF scores for our high and low PF groups were 70.9 (6 10.6) and 29.7 (6 13.3), respectively.
Study Attrition
Seventy-two of 229 (31.4%) participants dropped out of the study before reaching 1 of the study end points (i.e., their first fall or the end of the follow-up). These persons were included in the analyses, with their length of follow-up censored an average of 86.5 (685.7) days after randomization. Neither frequency of censoring nor time to censoring varied by intervention group assignment. Men were more likely to drop out than were women (41.8% versus 27.2%, respectively; p , .03); however, this difference was consistent across intervention groups. Our baseline measures of age, history of falling, gait, balance, PF, and number of reported medications were all unrelated to study attrition.
Exercise Sessions
Overall, participants in the exercise group completed an average of 70% of the 24 scheduled exercise sessions (mean 6 SD, 16.8 6 8.4). Participants who dropped out of the study completed an average of 31.7% (7.6 6 7.4) of the exercise sessions compared with 82.9% (19.9 6 6.2) completed sessions by those who did not drop out.
Time to First Fall
Sixty-eight of the 229 (29.7%) study participants reported a fall during the study period. Table 3 shows the univariate associations of our study predictors with time to first fall. Participants were more likely to fall if they had a history of previous falls, were older, were taking more medications at baseline, or if they had low baseline PF or poor gait or balance.
The proportion of participants who fell was comparable between the exercise and control groups (28.6% versus 30.9%, respectively). However, the effect of exercise in preventing falls varied significantly by PF level ( p .002; Table 4 ). The risk for falling decreased for exercise participants with low baseline PF ( p .03; hazard ratio [HR], .51) but increased for exercise participants with high baseline PF ( p .02; HR, 3.51). This pattern is supported by the Kaplan-Meier curves for the exercise and control participants at high and low baseline PF levels (Figure 2) . There was also a significant interaction between PF level and number of medications taken ( p .04; Table 3 ). Both high and low PF participants reported using moderate numbers of medications at baseline (3.6 6 2.6 versus 4.4 6 2.7 [mean 6 SD], respectively; p .02). However, increasing numbers of medications were only associated with a shorter time to first fall for participants with high PF ( p .001; HR, 1.30) not for participants with low PF ( p ¼ not significant; HR, 1.06). Age, gait score, and balance score were not significantly related to time to first fall after controlling for PF level, history of falling, and number of medications.
DISCUSSION
Our results support recommendations that low-intensity exercise for the purpose of reducing the risk for falling is best targeted at specific subgroups of elderly men and women. In our study group, mild exercise was beneficial in preventing falls among participants with low PF, whereas exercise actually increased the risk for falling for those persons with better PF. These results are consistent with conclusions drawn by Gardner and colleagues (16) from their review of exercise interventions for preventing falls. They conclude that interventions targeted at higher functioning persons may be less effective because those persons may not have reached ''threshold'' levels of weakness at which functioning begins to be affected. In contrast, lower functioning persons may benefit significantly from relatively small increases in strength. Our results showing increased risk for high-functioning participants are also consistent with research indicating an association between increasing activity and increasing risks for falls (24, 25) . Our study also suggests that medication use has its greatest effect among elderly persons with relatively high PF levels, possibly because they are the most likely to be physically active and therefore to have more opportunities for falling. Thus, our results suggest that the mixed findings observed in earlier studies among community dwelling elderly persons may have, at least in part, been due to failure to examine or control for differences in outcomes among persons with high and low PF levels. Further research to confirm these differential effects would help clarify how best to target exercise interventions.
Our study had several limitations. First, participants were assigned to the PF subgroups after randomization. Thus, we could not fully capitalize on our randomized design to evaluate the relationship between baseline PF and the effects of our exercise intervention. Factors other than intervention group assignment may have played a role in the subgroup outcomes. Second, we did not collect specific information on the participants' exercise habits or activity levels. Thus, we do not know how many participants, if any, were regular exercisers, nor how their exercise habits may have affected our findings. Furthermore, because we did not include a measure of physical activity, we could not explicitly study the relationship between exercise and changes in activity level. We could not determine, therefore, whether our findings that exercise participants who were initially at high initial PF levels have an increased risk for falling is a result of an increase in their activity level.
Finally, we did not categorize medications by class. Previous research has shown that use of specific types of medications (e.g., psychotropic medications, medications that suppress abnormal heart rhythms such as digoxin) are related to higher risks for falling (26) , and that reducing the use of psychotropic medications can reduce this risk (14) . Although our findings indicate that use of increased numbers of medications in general are related to increased risks for falls, at least among persons with high levels of PF, greater specificity of medication class would have allowed us to conduct more sensitive analyses of medication use and falls risk.
Conclusions
The HMO Workgroup on Care Management, which meets regularly to discuss delivery of care to Medicare beneficiaries, recognizes deconditioning as a primary area in which to provide interventions to reduce the risk for falls among elderly men and women, and further recognizes that transportation to physical therapy or exercise programs represents a significant barrier to program adherence (27) . The SAFE-GRIP program is based on standard physical therapy exercises and is designed to be tailored to the functional abilities of individual participants. Specific attention was given to replicability by usual care site practitioners to increase the portability of the program to a variety of settings, as well as its inclusion in a multifactorial falls reduction program, thereby reducing the need for additional transportation by program participants. Furthermore, because no special equipment was required, the cost of the intervention is limited to the cost for the physical therapist and physical therapist assistant time.
This easily implemented, low-cost, low-intensity, individualized exercise program appears to reduce the risk for falling among elderly men and women recovering from recent hospitalizations, bed rest, or both. However, the reduction in risk appears to depend on the PF level of the participants at baseline. Our results support the conclusion that low-intensity exercise for the purpose of reducing falls is most effective for elderly persons with low levels of PF. The program may actually increase the risk for falling for those participants at initially high levels of PF. Further research to confirm these differential effects would help clarify how best to target exercise interventions.
